The ultrastructure of testa seed in the genus Neotinea (Orchidaceae, Orchidinae) was examined for the first time. The morphology of the seed and of the anticlinal and periclinal walls was analysed by scanning electron microscopy. Quantitative data concerning the length and width of the seed and embryo, seed and embryo volume, free air space, and number of cells along the longitudinal axis are presented. In all species, the seeds are fusiform in shape with transverse ridges on the inner periclinal walls. This ornamentation pattern is characteristic for the genus Neotinea . It is a good diagnostic value supporting the monophyly of this genus, which has recently been proposed by several authors.
INTRODUCTION
The genus Neotinea Rchb.f. is distributed throughout Europe, Western Asia, and North Africa. In several publications Tyteca, 1997; Bournérias et al ., 1998; Bolòs & Vigo, 2001) , N. maculata (Desf.) Stearn is accepted as the only species in this genus. However, Pridgeon et al . (1997) , , and Bateman et al . (2003) have expanded this genus to encompass a group of species with small flowers that were formerly included in Orchis L. Bateman et al . (2003) recognized six species in the genus Neotinea : N. maculata (Desf.) In previous studies on European orchids, two of these species, N. maculata and N. ustulata , were easily recognized by the orchid scientist groups. However, the taxonomic treatment of the rest of the species shows some confusion; for example, Soó (1980) does not recognize Orchis ( Neotinea ) conica Willd., a species very similar to O. ( Neotinea ) lactea Poir., and O. ( Neotinea ) tridentata Scop. is divided into two subspecies: ssp. tridentata and ssp. commutata (Tod.) Nyman.
Previous studies on orchid seeds have demonstrated the diagnostic and phylogenetic value of certain quantitative and qualitative characters (Clifford & Smith, 1969; Barthlott, 1976; Arditti, Michaud & Healey, 1979; Barthlott & Ziegler, 1981; Ziegler, 1981; Chase & Pippen, 1988; Kurzweil, 1993; Molvray & Kores, 1995) . However, few studies on the systematics and morphometrics of orchid seeds have been published (Arditti & Ghani, 2000) .
In preceding publications on the species cited above, Wildhaber (1972) investigated the seeds and fruits of some Orchis species, including O. lactea Poir., O. tridentata Scop., and O. ustulata L., using light microscopy. The result is a key to the species, based principally on the morphology and length of the seeds. Barthlott (1976) considered that the periclinal walls were a good taxonomic character, and compared the cell walls of O. ustulata L. with O. militaris L.
In this report, the ultrastructure of testa seed is analysed by scanning electron microscopy (SEM) and quantitative data on the seeds and embryos of each species of the genus Neotinea are presented, with the aim of corroborating the monophyly proposed by Bateman et al . (2003) .
MATERIAL AND METHODS
Seeds were obtained from mature capsules collected in the field or from herbarium specimens. A list of voucher specimens and localities is given in Table 1 . Fresh seeds were dried for at least 1 month and stored in small envelopes.
The samples were mounted on SEM stubs and coated with gold in a sputter-coater (SEM Coating System, Bio-Rad SC 502). The seeds were examined with a Philips XL30 or a Hitachi S-3000N, with a filament voltage of 20 kV.
An average of 30 seeds of each specimen of the genus Neotinea were analysed using light microscopy (previously mounted using polyvinyl alcohol). The seed and embryo size (length and width at the longest and widest axes) and the number of cells along the longitudinal axis were measured. Embryo morphology and seed colour were described in subjective terms.
Seed and embryo dimensions and the percentage of free air space of the seeds were analysed statistically using analysis of variance (ANOVA) and Scheffe's test performed with SPSS 12.0 for Windows.
The terminology and methods were adopted from those of Arditti et al . (1979) , Arditti, Michaud & Healey (1980) , Barthlott & Ziegler (1981) , Chase & Pippen (1988) , and Molvray & Kores (1995) .
RESULTS
All seeds of the studied species of the genus Neotinea are fusiform, with a similar width along the longitudinal axis (Fig. 1) . Cells of the apical zone are isodiametric and polygonal (Fig. 2) ; only in N. maculata are the apical cells slightly longer than those of the rest of the species (Fig. 3) . The medial cells are elongate and rectangular (Fig. 4) ; some of them reach the chalazal pole, where the basal cells are short and isodiametric (Fig. 5 ). According to Ziegler (1981) , the morphology of the seeds belongs to the Orchis type.
The ornamentation pattern of the inner periclinal walls in the elongated testa cells, with straight, transverse, thin, and dense ridges (Fig. 6) , is common to all species. Some ridges have a short lateral branch (Fig. 7) . Anticlinal walls are smooth, thin, and high, and a distinct lamella is seen (Fig. 8 ) in the adhesion zones between the cells.
In subjective terms, the colour varies from clear brown in N. maculata , which has practically translucent testa, to chestnut-brown in N. lactea and N. conica , with an intermediate gradation in N. ustulata , N. commutata , and N. tridentata .
The embryo fills the central area, conforming to the widest zone of the seed. The morphology is ellipsoidal and the colour is light brown and not translucent in the dry state.
Quantitative data are presented in Table 2 . ANOVA was used for statistical analysis of the data (length, width, and volume of the seed and embryo, and percentage of free air space). This preliminary analysis indicated the existence of differences between the species. The results of ANOVA are not given because the latter analyses make them superfluous.
The seeds of N. maculata and N. tridentata are longer and wider than those of the rest of the species (Table 2) , and their respective volumes are larger. However, there are no significant differences in length, width, and volume between the seeds (Table 3) .
The seed size and seed volume of the other four species are similar (Table 2) , with no significant differences between them (Table 3) . When the seed width is plotted against the length (Fig. 9) , the species fall into two groups. The length-to-width ( L / W ) ratio provides data on the relative degree of truncation. It is relatively uniform for all studied species (Table 2) , whose seeds are fusiform.
The number of cells along the longitudinal axis is not consistent with the length, as, in N. ustulata , the number of cells is greater than in N. maculata , but no major differences are found in the studied species (Table 2) .
The embryos of N. maculata are longer and wider than those of the rest of the species (Table 2) , and the volume is larger. There are significant differences in , volume; W, width; 1, N. maculata; 2, N. conica; 3, N. lactea; 4, N. tridentata; 5, N. ustulata; 6 , N. commutata.
*P values higher at the 0.05 level are significant.
the embryo size and embryo volume between N. maculata and the rest of the species (Table 3) . For the other five species, there are statistical differences, but no clear patterns (Table 3) . Thus, when the embryo length is considered, these five species fall into three groups; however, when the embryo width is considered, three different groups are evident (Table 3) . Nevertheless, in terms of embryo volume, three overlapping groups are apparent (Table 3) . Variations in the size and embryo volumes of these five species are not related to the respective variations in the seed size and seed volume (Table 2) . When the embryo width is plotted against the length, N. maculata appears separate from the rest of the species (Fig. 10) . However, when the embryo volume is plotted against the seed volume, the species fall into two groups related to the groups obtained when the seed width is plotted against the length (Figs 9, 11) .
The highest percentage of free air space occurs in N. lactea. This species shows the smallest size and volume of the embryo. N. ustulata is the species with the lowest percentage of air space. In terms of the percentage of air space, the species fall into four overlapping groups (Table 3) . When the seed volume is plotted against the percentage of air space (Fig. 12) , the species do not fall into well-defined groups.
DISCUSSION
The seed morphology within the genus Neotinea is remarkably consistent over a set of genera belonging to the subtribe Orchidinae. All the seeds examined are fusiform, similar to the seeds of the other globosetubered genera Orchis, Anacamptis, Himantoglossum, Serapias, and Ophrys. This morphology is included in the Orchis type according to Ziegler (1981) . Furthermore, the testa cell morphology is similar to that of the genera mentioned above, with short apical and chalazal cells, and elongated medial cells.
Comparisons of qualitative data within the globosetubered genera of the subtribe Orchidinae show the usefulness of the sculpturing of the elongated testa cells as an indicator of systematic relationships. Sculpturing of the elongated testa cells shows transverse, thin, and dense ridges in the periclinal walls. This ornamentation pattern is similar to that of some groups of species of the genus Ophrys, but, in this case, N. maculata; 2, N. conica; 3, N. lactea; 4, N. tridentata; 5, N. ustulata; 6, N. commutata. the ridges are lax and more distant (Fig. 13 ) and the chalazal pole presents a sharp-pointed end. In the other globose-tubered genera, including the rest of the species of Ophrys, the ornamentation pattern consists of oblique ridges (Fig. 14) , although, in some species of the genus Orchis, according to Tohda (1983) , the sculpturing is absent (Fig. 15) . These results support the monophyly of the genus Neotinea, suggested by Delforge (1994) and corroborated by Pridgeon et al. (1997) and Bateman et al. (2003) .
In N. maculata, the seed and embryo length and volume are the longest and highest, respectively. The number of cells along the longitudinal axis is the lowest and the colour is clear brown, practically translucent. These data support the floral differences of this species and the topology suggested by Bateman et al. (2003;  fig. 3 ). N. conica and N. lactea show no significant differences in their seed coat characters, confirming the difficulty in identifying easily both taxa according to floral characters and the results of the topology mentioned above. N. ustulata shows similar values to the previous species, but differs in the embryo measurements and percentage of free air space. The floral characters of the latter and the molecular analysis corroborate the separation from N. conica and N. lactea. N. tridentata and N. commutata are closely related species according to floral morphology. However, they show significant differences in the seed and embryo measurements, in accordance with the results published by Bateman et al. (2003) .
